Abstract. In this paper, a numerical method is presented for measuring and analyzing the characteristics of the charging process for nine photovoltaic panels storage batteries systems. The data was collected with the PV charger module which has a built-in data acquisition board. A source code algorithm written in Matlab is developed to obtain a mathematical model for the characteristics of the charging process of the batteries connected to the PV panels. Using the interpolation method, a mathematical model is obtained. The numerical error between experimental and theoretical results prove that the method is accurate.
INTRODUCTION
The most used renewable energy source in the world is solar energy. The reason why is the most popular one is because is affordable to almost any household consumer, is easy to install and easy and cheap to maintain. This are the reasons why in the past two decades the PV systems grew in efficiency as a result of a constant research in the domain. The PV systems represent one of the few solutions for supplying electrical energy in isolated places [1] .
Of course, the PV systems need a storage system that can supply the consumers with electrical energy during night time or periods when the panels are not that efficient. The energy storage systems that are most common in our days are electromagnetic (superconducting magnetic, capacitors, ultra capacitors) and electrochemical systems (fuel cells, battery, flow batteries). This paper analyzes the behavior of the storage system (batteries) when the PV system are functioning and generating electricity, therefore charging it. The properties by which PV systems storage batteries are chosen are: efficiency, charging and discharging cycles, the capacity and voltage of the battery, maintenance costs, and lifetime [2] . This paper proposes a method to model the charging characteristics of PV storage batteries systems found in a PV system installed at ICPE Bucharest, Romania.
During the charging process of the batteries, some parameters (state of charge and battery charge voltage), are monitored. Of course, the complete set of monitored parameters is much bigger, but for this paper were taken into consideration only the above two parameters. The characteristics are modeled by variation in irradiation and time of the parameters. A new algorithm is used in to get the function approximations of the battery charging characteristics. The numerical error values between experimental results and the theoretical ones prove that the proposed method is accurate.
ACQUISITION OF MEASURED DATA
The measurements are made with a data acquisition system as shown in Figure 1 . The system is composed of four modules:  PV system. This is composed of 230W solar panel modules divided in 3 sets of 3 parallel panels connected in series - Figure 2 .  The Sunny Island SIC-MPT charger. The PV panels are connected to a charger that controls the charging and discharging processes of the batteries. It also acts like a data acquisition system providing all the values for the monitored parameters.  Storage system. Sixteen 12V and 250AH batteries composed of four sets of four parallel batteries linked in series, connected to an inverter. The charger sees the sixteen batteries as only one battery and this is the reason why in this paper I will be referring to the system as a single battery.  Sunny Island SI5048 inverter. It converts 48V DC -230V AC for supplying the consumer with the energy needed. The PV system and storage battery group are designed to supply energy for an air conditioning system (the consumer) used to cool/heat a 100 square meters room [3-5]. The charger performs the following functions: controls and monitors the charging and discharging processes of the group of batteries. It also allows a discharge to a maximum level of about 30% of the battery capacity, and it has the option of providing data through a RJ45 port. All the charging parameters that were obtained came from the charger's data acquisition board. The parameters of interest are:  The state of charge of the battery or SCB which is given in percentage (%). The SCB represents the charging state of the battery it takes values the 30% to100% interval. That is because the charger has to preserve the lifetime of the batteries and its capacity. The measured data is presented in Table 1 . The data provided by the charger is converted into an excel file so that it can be imported into Matlab 2012a software [6] [7] . The function that will be modeled and analyzed is f(SCB, ISI, TS). The following symbols are used to describe the three parameters: t for TS, s for SCB and λ for ISI. Using the charger's data the measured charging characteristic of the battery system is drawn with the help of a source code algorithm written in Matlab. 
MODELLING THE CHARGING CHARACTERISTIC OF THE BATTERY WITH A NUMERICAL METHOD

Experimental results
The plot3(x,y,z) Matlab function -used in Matlab Procedure 1 shown in Figure 4 -generates the 3D experimental characteristics using the measured data obtained from the charger (Figure 3) . The function plot3(s, λ, t,) is implemented, in this method, to represent the 3D dependence of s on solar irradiance λ and time t. The process of data acquisition began when the 16-pack battery was at s = 33.07%, the minimum level permitted by the charger. Then, a slow charging process began, that covered seven days as presented in Table 1 . It is observed that during the nights, λ = 0, and so s and BCV remain constant at a value obtained during the last minutes of daylight. After this finding, all the data acquired durig night time were eliminated from the excel file, as they were irrelevant. This is done in Refined Data Procedure 1and Matlab Procedure 1 uses data from this module, as presented in Figure 4 . The procedure used to model the battery charging characteristics, is composed of several interconnected computational modules, as shown in Figure  4 . 
Interpolation method
Interpolation method is being used to calculate the mathematical function approximation of f(t, λ, s). Thus the "fit" function of Matlab find the coefficients that are optimal for the approximation λ(t) and s(t), as functions sum of sinuses. The approximated characteristics of λ(t) and s(t) are shown in Figure 5 and 6, and the mathematical functions are presented in relations (1) and (2). The module Matlab procedure 3 errors calculation determines how accurate this procedure is, by calculating: the sum squared error performance function (SSE), the mean square error (MSE) and the root mean square error (RMSE). Table 2 shows us the number of terms (n) of the approximation function and the SSE, MSE and RMSE. Also in Table 3 , the coefficients for the two functions, λ(t) and s(t), are shown. ,148  b3  1,742  c3  2,131  c3  1,019  a4  779  a4  1,222  b4  3,792  b4  6,233  c4  -0,1594  c4  -0,1061  a5  4888  a5  b5  2 , 6 8  b5  c5  2,862  c5  a6  85,03  a6  b6  11,50  b6  c6  -1,969  c6  a7  193,2  a7  b7 9,138 b7 c7 -1,625 c7
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Based on the functions (1) and (2), the 3D function f m (s, λ, t) is obtained. The Figure 7 present for comparison the two characteristics: measured and approximated /calculated. The small variations of SCB, BCV and ISI over one hour, lead to Refined data Procedure 2 for refining even more the measured data. This second one uses Refined data Procedure 1 data and determines, the average value during one hour for each monitored parameter. Using these new data the module Matlab procedure 2 computes the approximated characteristics λ(t) and s(t), shown in Figure  8 and 9, and obtains the functions in relations (3) and (4). The Matlab procedure 3 errors calculation module calculates how accurate this second interpolation procedure is. Table 2 shows us the number of terms (n) of the approximation function and the SSE, MSE and RMSE for this case. In Table 4 are shown the coefficients for the two functions, λ(t) and s(t), obtained for the second considered case.
In addition, based on the new interpolation functions (3) and (4) the 3D average approximation characteristic f a (s, λ, t) is obtained. Figure 10 present for comparison the two characteristics: measured and approximated. Analyzing the errors values from Table 2 and the characteristics from Figure 7 and 10 we can see a better accuracy when Refined data Procedure 1 and 2 are used together. 
CONCLUSIONS
In this paper it was evaluated the charging process of a 16-pack battery storage system of a nine solar panels system.
A numerical procedure has been created in Matlab 2012a for modeling both the measured and approximated characteristics of the batteries during a complete slow charging process. The interpolation method was used to obtain an approximated mathematical model with small errors.
The mathematical functions of the charging parameters can calculate in any point of the charging process the values of the parameters and thus predictions can be made. This method can easily offer the state of the batterys pack. The method presented in this paper can be modified so that it can model the charging process of all types of batteries and help study and analyze the charging process parameters.
